REMARKS 

Favorable reconsideration is respectfully requested in view of the foregoing amendments 
and following remarks. 

Claims 1 and 2 have been amended to recite that the crystals of "(S)-2-[[[3-methyl-4-(2, 2, 
2-trifluoroethoxy)-2-pyridinyl]methyl]sulfinyl]-lH-benzimidazole" are substantially free of crystals 
of the (R) isomer. Support is found in the specification, for example on pages 24-25 of the 
specification, wherein the crystals obtained have the optical purity of 99.4% ee. 

Turning to the Official Action, claims 1, 2 and 4 are rejected under 35 USC 102 as 
anticipated by Barberich et al. (U.S. 2001/0025107), Nohara et al. (U.S. 4,628,098) and Kato et 
al. (U.S. 6,002,01 1). This ground of rejection is respectfully traversed as applied to the claims 
after the foregoing amendments. 

The cited references fail to disclose crystals of (S)-2-[[[3-methyl-4-(2, 2, 2- 
trifluoroethoxy)-2-pyridinyl]methyl]sulfinyl]-lH-benzimidazole which are substantially free of 
crystals of (R)-2-[[[3-methyl-4-(2, 2, 2-trifluoroethoxy)-2-pyridinyl]methyl]sulfinyl]-lH- 
benzimidazole. 

Accordingly, the cited references fail to anticipate the subject matter of claims 1, 2 and 4 
under 35 USC 102. 

Claims 1, 2 and 4 are rejected under 35 USC 103 as unpatentable over the combined 
teachings of Barberich et al., Nohara et al. and Kato et al., in view Chemical and Engineering 
News, U.S. Pharmacopia and Concise Encyclopedia Chemistry. This ground of rejection is also 
respectfully traversed. 

As mentioned previously, the crystals of optically active compound ((S)-lansoprazole) of 
the present invention are completely different from known crystals of racemic lansoprazole 
(disclosed in USP 4,628,098 and US? 6,002,01 1). That is, the properties of crystals of (S)- 

lansoprazole are completely different from those of known crystals of racemic lansoprazole. 

In this respect, there is submitted herewith a copy of KIKAN KAGAKU SOSETSU No. 
6, 1989, pp. 32-33 (Reference Document 4) together with its English translation. 



Reference Document 4 clearly shows that the physicochemical properties of crystals of an 
optically active compound such as a melting point, solubility, etc. are completely different from 
those of crystals of a corresponding racemate. 

Properties of (S)-lansoprazole are actually quite different from those of racemic 
lansoprazole as shown in the attached Appendix I (X-ray powder diffraction has been set forth 
previously). In view of the melting points, X-ray powder diffraction patterns, etc. shown in 
Appendix I, racemic lansoprazole is considered to be a racemic compound rather than a racemic 
mixture, and on page 33, [Solubility], Reference Document 4 discloses as follows: 

"since crystalline structure of crystals of a racemate in the form of a racemic compound or 
a racemic solid solution is essentially different from that of crystals of the optically active 
compound, there is no constant relation between the solubility of crystals of such racemate and 
that of the optically active compound, and the solubility may be higher in some cases or lower in 
other cases." 

That is, the crystalline structure of (S)-lansoprazole is essentially different from that of 
racemic lansoprazole and the solubility of (S)-lansoprazole cannot be predicted from that of 
racemic lansoprazole. These facts clearly show that (S)-lansoprazole cannot be crystallized by the 
same method as crystallization of racemic lansoprazole. Further, since crystalline forms of (S)- 
lansoprazole and racemic lansoprazole are different from each other, it can be said that, as a 
chemical compound, (S)-lansoprazole is completely different from racemic lansoprazole. 

Although U.S. 2001/0025107 discloses (S)-lansoprazole, there is no teaching or 
suggestion about "crystalline" (S)-lansoprazole in this reference. 

Further, as the production process of (S)-lansoprazole, this reference refers to only WO 
96/02535, WO 96/17077 and WO 97/02261 (See page 2, [0013] of U.S. 2001/0025107). WO 
96/02535 and WO 97/02261 correspond to Reference Documents 2 and 3, respectively, and 
merely disclose the production of (S)-lansoprazole in the form of an oil . No crystals of (S)- 
lansoprazole are obtained in these documents (See Example 1 1 of Reference Document 2 and 
Example 21 of Reference Document 3). 



More specifically, as mentioned previously, the Applicant of Reference Documents 2 and 
3, i.e., ASTRA AKTEBOLAG, has studied the production and purification methods of 
benzimidazole proton pump inhibitor (PPI) compounds inclusive of lansoprazole for a long time. 
In spite of such studies, as to optically active lansoprazole, only the compound in the form of an 
oil has been obtained as shown by Reference Documents 2 and 3. Thus, from Reference 
Documents 2 and 3, a person skilled in the art would presume that optically active lansoprazole, 
in particular, (S)-lansoprazole in the form of crystals, cannot be obtained. 

In fact, as seen from Example 1 1 of Reference Document 2, in the case of lansoprazole, 
racemic lansoprazole precipitates as crystals more easily in comparison with the optically active 
isomer and the mother liquor has a higher optical purity . This suggests that, even if racemic 
lansoprazole can be crystallized, its optically active isomer can be hardly crystalized. 

Further, in Reference Document 2, the purification requires precipitation of the crystals of 
the racemic compound, concentration of the remaining mother liquor to improve the optical purity 
of the mother liquor, and then repetition of these procedures. Even if these procedures are 
repeated, crystals of the optically active isomer cannot be obtained and the isomer is obtained as 
an oil. 

That is, Reference Documents 2 and 3 show that, in the case of lansoprazole, i) racemic 
lansoprazole precipitates as crystals more easily in comparison with the optically active isomer 
and the mother liquor has a higher optical purity, and ii) crystals of the optically active isomer 
cannot be obtained even if concentration of the mother liquor is repeated. This certainly suggests 
the difficulty of the crystallization of (S)-lansoprazole. 

Thus, even in the presence of an asymmetric center in lansoprazole, a method of resolution 
of an optically active isomer, and the presence of crystals of racemic compound have been known 
in the cited reference U.S. 4,628,098, U.S. 6,002,001 and the like, such prior art knowledge does 
facilitate crystallization of an optically active isomer. In other words, the prior art including 
Document 2 and 3 suggests that the crystallization of the optically active isomer of lansoprazole 
would be very difficult, while racemic lansoprazole can be crystallized. This would dissuade a 



person skilled in the art from trying the crystallization of the optically active isomer of 
lansoprazole rather than motivate the artisan towards the present invention. 

WO 96/17077 (submitted herewith as Reference Document 5) merely discloses the 
production of a single enantiomer by stereoselective bioreduction and working examples disclosed 
are elation by chiral HPLC. Thus, Reference Document 5 is irrelevant to crystallization of 
lansoprazole. 

Also, the Examiner rejects the patentability of the present invention as being obvious by 
citing (i) Chemical & Engineering News, (ii) U.S. Pharmacopia, (iii) Concise Encyclopedia 
Chemistry, as well as above-mentioned cited references. However, in the cited references (ii) and 
(iii), it is merely described generally that a crystal may exist in various forms and each one of the 
crystal forms has the characteristic lattice pattern in the X-ray powder diffraction. Therefore, 
these cited references are of no help at all to solve the problem of the present invention that is to 
obtain a crystal of optically active isomer of particular compound; lansoprazole. In addition, the 
description of the cited reference (i) is also generic. But since it was issued on February, 2003, its 
citation is respectfully submitted to be unavailable as prior art. 

In view of the foregoing, it is respectfiiUy submitted that the combined teachings of the 
cited references fail to disclose or suggest crystals of (S)-2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)- 
2-pyridinyl]methyl]sulfinyl]-lH-benzimidazole which are substantially free of crystals of (R)-2- 
[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]sulfmyl]- 1 H-benzimidazole. Moreover, 
the combined teachings of cited references would not have motivated one of ordinary skill in the 
art to prepare crystals of the (S) isomer. Further, it would have been unexpected to one of 
ordinary skill in the art to have obtained crystals of (S) isomer with ease according to the method 
of the present invention. 

Claims 1, 2 and 4 are rejected under the judicially created doctrine of obviousness-type 
double patenting as being unpatentable over claims 1-4 of USP 6,462,058. 

A Terminal Disclaimer in compliance with PTO practice was submitted with the 
Applicants' last Response dated March 22, 2004. A copy of the Terminal Disclaimer is enclosed. 

Accordingly, this ground of rejection is deemed to be overcome. 



Lastly, claims 1, 2 and 4 are rejected under the judicially created doctrine of obviousness- 
type double patenting as being unpatentable over claims 1-8 and 10 of USP 4,628,098 in view of 
Barberich et al., Chemical and Chemical and Engineering News, U.S. Pharmacopia and Concise 
Encyclopedia Chemistry. This ground of rejection is respectfully traversed. 

For the reasons described above, the combined teachings of the cited references fail to 
disclose or suggest crystals of (S)-2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2- 
pyridinyl]methyl]sulfmyl]-lH-benzimidazole which are substantially free of crystals of (R)-2-[[[3- 
methyl-4-(2,2,2-trifluoroethoxy)-2-pyridinyl]methyl]sulfmyl]-lH-benzimidazole. 

Thus, it is respectfully submitted that this ground of rejection is untenable and should be 
withdrawn. 

In view of the foregoing, it is believed that each groimd of rejection set forth in the 
Official Action have been overcome, and that the application is now in condition for allowance. 
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Appendix I 



Comparison of Properties of Racemic and (S)-Lansopra2M>le 





Racemic 
Lansoprazole 


(S) -Lansoprazole 


Appearance 


crystalline white powder 


crystalline white powder 


Hygroscopicity 


non 


non 


Polymorphism 


2 kinds; developed with 
stable form (inclusive 
solvate) m.p. 166**C 


m.p. of stable form (anhydride) 
145^C 


Solubility 
(25°C, mg/mL) 
pH 1 
pH 5 
pH 7 
pH 9 


lower than enantiomer 

13 (dec.) 
<0.05 
0.03 
0.08 


tend to be soluble in alkaline 

solution 

>30 (dec.) 

0.032 

0.13 

0.27 


Stability in 
solution (37^C) 
1st fluid (pH 
1.2) 

2nd fluid (pH 
6.8 


residual ratio 

halved within about 2 min. 

2h: 80% 


residual ratio 

halved within about 2 min. . 
2h: 80% 


Stability in 
solid state 


relatively stable 


somewhat unstable 

residual ratio 

60"C 1 week : 96.4% 
2 weeks: 93.9% 
4 weeks: 87.4% 


X-ray powder 
difiraction, 
peaks at 
interplanar 
spacings (A) 


15.22, 15.06, 6.18, 6.15, 
5.20, 5.02, 4.72, 3.96, 3.85, 
3.76, 3.55, 3.46, 3.19, 3.11, 
2,93, 2.90, 2.85, 2.69, 2.66 


11.68, 6.78, 5.84, 5.73, 4.43, 
4.09, 3.94, 3.90, 3.69, 3.41, 3.11 



English Translation of Reference Document 



The New Scientists Group, edited by Yazawa Science Office, pages 5-9, 
published by Keiso Shobo, November 20, 1989 pages 5-9 

RUPERT SHELDRAKE 

The Hjrpothesis of Formative Causation 
by HANAZUMI Yoko 

1. A Theory of Morphogenetic Fields by Rupert Sheldrake 

-Why is a rabbit not able to become an animal other than a rabbit? 

• An "unseen field" linking glycerin in various places to each other 

About 250 years ago, colorless liquid glycerin was extracted from a naturally 
occurring fat. After that, glycerin was widely used as a raw material of 
sweeteners, medicines, and nitroglycerin. However, this liquid had mysterious 
nature. In order to obtain crystals of glycerin, chemists tried every possible 
means such as rapid cooling, re-heating, etc., but, for some reason, this liquid 
was not crystalUzed at all. Then, finally, glycerin was considered not to be 
present in a soUd state, while the reason was unknown. 

Nevertheless, in the beginning of this century, a strange thing was happened. 
A manufacturer was going to send glycerin produced at a factory in Vienna, 
Austria to a customer in London by a cargo boat. Although the boat was 
caught in a heavy storm during the voyage, she arrived in London safely. Then, 
when the customer opened barrels of glycerin to investigate the contents, 
glycerin in one of the barrels was completely crystallized; The customer was 
upset because "such a thing was of no use to him". However, chemists were 
very happy. They tried to get first such glycerin crystals firstly formed in the 
world and applied themselves to crystallization of their own liquid glycerin 
using such crystals as seeds. Glycerin was crystallized in all over the world one 
after another, while it seemed incredible that, up to that time, no one 
succeeded in crystallization of glycerin for about 200 years. Further, when a 
chemist in a laboratory in U.S.A. got the same crystals and succeeded in 
crystallization of a sample, a remarkable incidence was happened. All glycerin 
in the laboratory began to be crystallized spontaneously. Among them, there 
was glycerin even placed in a sealed container! It was as if glycerin placed 
around the sample glycerin "learned" the process of crystallization of the 
sample glycerin and imitated the process all together 

As seen from the above example of glycerin, in case of a newly found or 
synthesized chemical compound, in many cases, one often has a very hard time 
until a first crystal is obtained. That is, even if a solution of a compound is 
cooled, it is not easily solidified. However, once someone has succeeded in 
crystallization at any place in the world, since then, the crystallization can be 
readily carried out. As the number of crystallization increases, crystallization 
can be carried out more easily. - This "phenomenon" has been considered 
heretofore to be "infection" of a solution with debris of a crystal. The "infection" 
is taken place via a human being and also includes airborne infection wherein 
seeds are carried through the air and then fallen into a solution. If so, the 
reason why glycerin without seeding has been suddenly crystallized at the 
laboratory in U.S.A. can be elucidated. However, how about the reason why 



glycerin without seeding has been crystallized in laboratories all over the world? 
This can also be explained by such a reason that debris of a crystal has been 
adhered to hairs or clothes of chemists coming and going between laboratories, 
or "airborne infection" has been taken place in a large scale, can't this? 
Realistically, it cannot be considered that so many chemists hustle around the 
world to "deliver seeds". So, there must be little likelihood that small debris of 
a crystal are carried across the Pacific Ocean or the Atlantic Ocean by the wind 
to enter into one room - a room of a laboratory where a glycerin sample is 
placed - among huge number of buildings. Even if there would be a certain 
possibility, an unanswerable question is still remained in this case of glycerin. 
It is the fact that glycerin is crystallized even in a sealed container which is 
insulated from the atmosphere in the room. 

In addition, such crystals have another interesting point. That is, it is difficult 
to predict what crystalline form is taken by a chemical compound which is 
never crystallized, though such a prediction would not be impossible. One may 
consider that crystalline forms could be predicted based on its chemical 
composition, chemically, physically and experientially. Indeed, it would be 
possible. However, theoretically drawn up blueprints of a crystal amount to 
several ten kinds-no, to several hundred kinds, each probability of them is the 
same and law, and it cannot be determined beforehand (at least, it is 
impossible by the current science). And, no one knows which crystalline form 
is a correct one until the crystal is actually formed. Further, when a substance 
once "selects" its crystalline form, then, the substance continues to take that 
crystalline form. The current science however cannot answer to the first 
question on why a specific form is selected- Similarly,, it cannot answer to a 
question on why the substance stays in the form of the first crystalline form. 

There would be many people who wonder that the current science of the 20 
century cannot yet clearly elucidate the mysterious phenomena relating to the 
above crystals arose in chemical fields. This is because, different from 
investigations of the origin of the universe and the origin of a substance 
wherein literally unseen or untouchable subjects are handled, crystals and 
crystallization per se are very popular and familiar phenomena. However, 
many of chemists take such an optimistic view that eveiything will be 
elucidated soon. They believe that, someday, all of unknown mechanisms of 
crystallization will be found out and, "inevitably", all events will be proved. 
Further, regarding the phenomena of sudden appearance of a new crystal and 
its rapid spreading, they seem to be satisfied by the conventional explanation 
such as "infection" rather than to establish a convincing e^lanation instead. 
Perhaps, the crystallization of glycerin in a sealed container must be considered 
to be an error rather than an exceptional case, - e.g., the cap or container was 
opened 

Nevertheless, a person who elucidates this question from a completely new 
viewpoint has appeared, a young biochemist, Rupert Sheldrake, came from U.K. 
He has jumped drastically from such a conventional mechanistic concept that 
the formation of crystals must be completely illustrated from the view points of 
chemical and physical interactions, and has proposed a concept of an unknown 
"unseen force" which causes "morphogenesis" of crystals. He says that, by 
assuming this unseen action, the mysterious phenomena shown by crystals 
can be much more easily illustrated without relying upon accidental factors 
such as "infection", etc. Further, he says that crystalline forms vary depending 
upon kinds of chemical substances because this unseen action limitedly acts 



on the same kind of chemical substance, in other words, there is an "unseen 
field" which acts on the same kind of chemical substance. For instance, it can 
be said that the occurrence of the crystallization of glycerin in all over the world 
is not due to the infection with seeds of a crystal, but is due to the transmission 
of the crystallization process through an unseen field which Unks the same 
kind of substance, glycerin, to each other. The same reason is applicable to the 
crystallization of glycerin in a sealed container. 

• Mechanism of morphogenesis field 

Sheldrake calls this unseen filed as a "morphogenesis field", and considers that 
its action participates not only in crystals but also in all shaped or formed 
substances existing in the natural environment. For instance, the expression 
of inherent own morphology in an organism is due to a "morphogenesis field", 
e.g., a human being has his own morphogenesis field and a rat has its own 
morphogenesis field 



English Translation of Reference Document 1^ 

KIKAN KAGAKU SOSETSU No. 6, 1989, edited by Nippon Kagaku-Kai 
Pages 32-33 

3 Preferential Crystallization 
Kazuhiko SAIGO 

The preferential crystallization mentioned in this chapter is also called as 
selective crystallization or inoculation crystaUization, and is characterized in 
that this method is essentially different from other methods of optical 
resolution because no asymmetric factor is required in this method. However, 
only a very few cases of optical resolution by preferential crystallization have 
been reported and only 248 cases are described in a Uterature edited by J. 
Jacques, the authority in this art field, et al. Eiven at present, only about 300 
cases inclusive of subsequent reports are known. Such a small number of 
cases despite the superiority of preferential crystallization as a method of 
optical resolution are due to its applicability to only special crystals. This 
chapter summarizes the fundamental and examples of optical resolution by this 
preferential crystallization. 

1 . Crystalline morphology and properties of racemate 

A racemate present in the form of gas, liquid or a solution state shows 
properties of a mixture of equal amounts of both enantiomers. However, 
properties of a racemate in a crystalline state vary depending upon a particular 
crystalline form. When some racemate is crystallized from a melting state or a 
solution state, the racemate takes one of the following three crystalline forms. 

(1) Racemic mixture or conglomerate - each of a single crystal is composed of a 
single enantiomer, but both enantiomers are present in the ratio of 50 : 50 in 
the crystals of a racemate as a whole. 

(2) Racemic compound - each of a single crystal is composed of a pair of both 
enantiomers, and thus the enantiomer ratio in a single crystal is 50 : 50. 

(3) Racemic solid solution - each of a single crystal is composed of both 
enantiomers having various enantiomer ratio, but both enantiomers are present 
in the ratio of 50 : 50 in the crystals of a racemate as a whole. 



Fig. 1 illustrates these crystalline forms, schematically. 



Fig. 1 




(a) (b) («) 



Fig. 1 Schematic view of tliree crystalline forms 

(a) racemic mixture, (b) racemic compound, (c) racemic soUd solution 

When physicochemical properties of ciystads of a racemate in these three 
crystalline forms are compared with physicochemical properties of crystals of 
its optically active compound, the following differences are present. 

[Melting point] A melting point of crystals of a racemate in the form of a racemic 
mixture (using a sample prepared by grinding a certain number of single 
crystals very well) is lower than that of crystals of its optically active compound 
(Fig. 2 (a)). This is theoretically the same as the case just like a mixed 
examination of two kinds of compounds having the same melting points is 
conducted because crystals of a racemic mixture is a 1 : 1 mixture of crystals of 
both optically active compounds. On the other hand, in case of crystals a 
racemate in the form of a racemic compound, since its crystalline structure is 
clearly different from that of the optically active compound, there is either case 
that the melting point of the racemate is higher or lower than that of the 
optically active compound. However, in general, there are many cases that the 
melting point of the racemate is higher than that of the optically active 
compound (Fig. 2 (b)). The melting point of a racemic solid solution varies 
subtly depending upon a particular enantiomer ratio in the crystals, and has a 
feature different from those of a racemic mixture and a racemic compound (Fig. 
2 (c)). 




D L 

Fig. 2 Two-Component System Melting Pint Diagram 

(a) racemic mixture, (b) racemic compound, (c) racemic solid solution 

[Solubility] Since crystals of a racemate in the form of a racemic mixture are a 
mixture of equal amounts, of crystals of both optically active compounds, its 
solubility corresponds to double the solubility of crystals of each optically active 
compound. In contrast, since crystsdline structure of crystals of a racmate in 
the form of a racemic compound or a racemic solid solution is essentially 
different from that of crystals of the optically active compound, there is no 
constant relation between the solubility of crystals of such racemate and that of 
the optically active compound, and the solubility may . be higher in some cases 
or lower in other cases. 

[IR spectra, X-ray diffraction patterns] Crystals of a racemate in the form of a 
racemic mixture is a mixture of equal amounts of crystals of both optically 
active compounds. Further, both active compounds have an enantiomeric 
relationship, and respective crystals must therefore give the exactly same IR 
spectra aind X-ray diffraction pattems. Then, in case of a racemic mixture, 
crystals of a racemate and crystals of its optically active compound gives the 
same IR spectra and X-ray diffraction pattems. On the other hand, in case of a 
racemic compound or a racemic solid solution, crystalline structure of crystals 
of a racemate and that of crystals of its optically active compound are 
essentially different from each other and their IR spectra and X-ray diffraction 
pattems are therefore different from each other. However, the differences 
between them are small and, in many cases, only subtle parts are different 
from each other. 



As described above, there are three crystalline forms in crystals of a racemate 
and their physicochemical properties are different from each other. "The optical 
resolution by preferential crystallization of this chapter is applicable to only 
when crystals are those of a racemate in the form of a racemic mixture." 
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(54) Title: ENANTIOSELECnVE PREPARATION OF PHARMACEUTICALLY ACTIVE SULFOXIDES BY BIOREDUCnON 



(57) Abstract 

A compound of formula (11). either as a single cnan- 
tiomer or in an enantiomerically enriched form, wherein 
Heti is (a) or (b). and Het2 is (c) or (d), and is (e) or (f) 
(wherein N in the benzimidazole moiety of Het2 means that 
one of the carbon atoms substituted by any one of Re to R9 
optionally may be exchanged for an unsubstituted nitrogen 
atom; Ri, R2 and R3 are the same or different and selected 
from hydrogen, alkyi, alkoxy optionally substituted by flu- 
jorine, alkylthio. alkoxyalkoxy, dialkylamino. piperidino. 
morpholino, halogen, phenylalkyi, phenylalkoxy; R4 and 
R4' are the same or different and selected from hydrogen, 
alkyl. aralkyl; Rs is hydrogen, halogen, trifluoromethyl. 
alkyl. alkoxy; R6-R9 arc the same or different and selected 
from hydrogen, alkyl. alkoxy, halogen, haloalkoxy, alkyl- 
carbonyl. alkoxy carbonyl. oxazolyl. trifluoroalkyl or adja- 
cent groups R6-R9 may complete together with the carbon 
atoms to which they are attached optionally substituted ring 
structures; Rio is hydrogen or alkoxycarbonyloxymethyl; 
Rn is hydrogen or forms an alkylene chain together with 
R3; R 12 and R 13 are the same or different and selected from 
hydrogen, halogen or alkyl) is obtained by stereoselective 
bioreduction of a compound of formula (II) in racemic form. 



Hei|-X-S— H9^ 



(D) 



?4 



(•) 



(b) 




(c) 



(e) 



Rw (0 







FOR THE PURPOSES OF INFORMATiON ONLY 






Codes used to identify States party to the PCX on the front pages of pamphlets publishing international 


applications under the PCT. 










AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AV 


Auttniia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Nelherlanda 


BF 


Burtina Faso 


HU 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


IT 


Italy 


PL 


Poland 


BR 


Bmil 


JP 


Japan 


PT 


Portugal 


BY 


Belarus 


KE 


Kenya 


RO 


Romania 


CA 


Can^ 


KG 


Kyrgystan 


RU 


Russian Fedenlion 


CF 


Cenoral African Re]mblic 


KP 


Democraiic Feople'i Republic 


SO 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Kcnea 


SI 


Slovenia 


a 


COtc d'lvoirt 


KZ 


KazaUutan 


SK 


Slovakia 


CM 


Cameroon 


U 


Uechsensiein 


SN 


Senegal 


CN 


China 


LK 


Sri Lanka 


TO 


Chad 


CS 


CzechoslovakiA 


LU 


Luxembourg 


• TG 


Togo 


CZ 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Gennany 


MC 


Monaco 


TT 
UA 


Trinidad and Tobago 


DK 


Denrauk 


MD 


Republic of MoUova 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United Suues of America 


n 


Finland 


ML 


Mali 


uz 


Uzbekistan 


FR 


France 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











wo 96/17077 PCT/SE95/01416 



Enantioselective preparation of pharmaceutically active 
sulfoxides by bioreduction 

The present invention relates to a method of obtaining compounds as defined below, 
either as a single enahtiomer or in an enantiomerically enriched form. 

Background to the Invention 

The racemic form of the compounds prepared by the method of the present invention 
are known compounds. Some of the compounds are also known in single 

enantiomeric form. The compounds are active H*K*ATPas€ inhibitors and they, 
including their pharmaceutically acceptable salts, are effective add secretion 
inhibitors, and known for use as antiulcer agents. The compounds, which include the 
known compounds omeprazole (compound of formula (Ila) below), lansoprazole 
(compound of formula (Uc) below) and pantoprazole (compound of formula (lib) 
below), are known for example A-om European Patent specifications EP 5129 and 
124495, EP 174726 and EP 166287. 

These compounds, being sulfoxides, have an asymmetric centre in the sulfur atom, i.e. 
exist as two optical isomers (enantiomers). It is desirable to obtain compounds with 
improved pharmacokinetic and metabolic properties which will give an improved 
therapeutic profile such as a lower degree of interindividual variatioru 

The separation of enantiomers of omeprazole in analytical scale is described in e.g. J. 
Chromatography, 532 (1990), 305-19. Also the separation of enantiomers of 
compoimds with which the present invention is concerned, including omeprazole and 
pantoprazole, is described in German Patent Specification DE 4035455. 

Recently there has been a great deal of literature published relating to die synthesis of 
optically active compounds using biocatalysts. The majority of this work has been 
aimed at finding routes to single enantiomer forms of pharmaceuticals. The reactions 
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receiving most attention have been those involved in the preparation of esters, adds 
and alcohols due to the general utility of these funtionaiides in synthesis and also 
because the biocatalysts are readily available. 

5 Studies on the synthesis of optically active sulfoxides are relatively rare partly due to 
the small number of pharmaceuticals containing sulfoxide groups and partly due to 
the fact that enzymes that react with the sulphur centre are not available 
commercially. The enantioselective reduction of methylphenylsulfoxide to the sulfide 
has been discussed by Abo M., Tachibana M., Okubo A. and Yamazaki S* (1994) 
10 Biosd. Biotech. Biochem. 52/ 596-597. 

r>escription of the Invention 

According to the present invention there is provided a method of obtaining a 
15 compound of formula (ID either as a single enantiomer or in an eiuntiomerically 
enriched form: 

O 
II 

Het— X— S— Hetg (H) 

wherein: 



20 




and 
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and 




5 wherein: 

N in the benzimidazole moiety of Hetj means that one of the carbon atoms 
substituted by any one of to optionally may be exchanged for an imsubstituted 
nitrogen atom; 

10 

R,, R^ and R3 are the same or different and selected from hydrogen^ alkyl, alkoxy 

optionally substituted by fluorine, alkylthio, alkoxyalkoxy, dialkylamino, piperidino, 
morpholino, halogen, phenylalkyl, phenylalkoxy; 

15 R^ and R^. are the same or different and selected from hydrogen, alkyl, aralkyl; 
Rg is hydrogen, halogen, trifluoromethyl, alkyl, alkoxy; 

R^ - R5 are the same or different and selected from hydrogen, alkyl, alkoxy, halogen, 
20 haloalkoxy, alkylcarbonyl, alkoxycarbonyl, oxazolyl, trifluoroalkyl or adjacent groups 
R^ - R, may complete together with the carbon atoms to which they are attached 
optionaUy substituted ring structm-es; 
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R,P is hydrogen or alkoxycarbonyloxymethyl; 

R^, is hydrogen or forms an alkylene chain together with R3; 

5 ^13 same or different and selected from hydrogen, halogen or alkyl; 

which method comprises stereoselective bioreduction of a compound of formula (11) 
in racemic form. 

10 The compounds of formula (II) are active H*K*APTase inhibitors. 

The compounds of formula (II) possess a stereogenic (asymmetric) centre which is the 
siilphur atom which forms the sulfoxide group between the Hetj-X- and Het^ 
moieties. The compounds of formula (II) generally are a racemic mixture initially. 

15 

In the method according to the present invention the starting compoimd of formula 
(n) in racemic form is stereoselectively bioreduced to the corresponding sulfide of the 
formula: 

Heti-X— S— Heta (1) 

20 (wherein Het,, X and Hetj are as defined above). Thus there is obtained compound of 

formula (H) as a single enantiomer or in enantiomerically enriched form which may 
be separated from the sulfide produced. 

In the above definitions alkyl groups or moieties may be branched or straight chained 
25 or comprise cyclic alkyl groups, for example cydoalkylalkyl. 

Preferably: 
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and 




5 and 

Xis CH— 

I 

(wherein R,, Rj' 'V^6 " ^ '^lo defined above). 

Most preferably the compounds with which the method of the present invention is 
10 concerned are compounds of the formula (Da) to (He): 




(Ha) 
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An example of a compound of formula (11) wherein R^^ is alkoxycarbonyloxymethyl is 
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The Stereoselective bioreduction according to the present invention may be carried 
out using a^microorganism or an enzyme system derivable therefrom. The organisms 
used in the method according to the present invention are suitably organisms 
containing DMSO reductase, for example enterobacteriaceae such as E. Coli and 
Proteus sp., and purple non-sulfur bacteria of the genus Rhodobacter . 



Also there may be used DMSO reductase to effect the bioreduction. 
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Using DMSO reductase, under anaerobic conditions a cofactor flavin adenine 
dinudeotide (FAD) or flavin mononucleotide (FMN) for example may be photo- 
reduced in the presence of ethylene diamine tetraacetic acid (EDTA). The re-oxidation 
of the FAD or FMN is coupled to the reduction of the sulfoxide via the DMSO 
5 reductase. Hence an artificial biocatalytic cycle is generated in the absence of the cells 
natural anaerobic electron transport mechanism. 

Photo catalysed DMSO Reductase Reaction 




FAD FADH2 




sulphide sulphoxide 
- DMSO reductase 

10 

The compounds of formula (II) are generally add labile and thus the use of add 
conditions is to be avoided. Generally the method according to the invention may be 
carried out at a pH of 7.6 to 8, suitably about 7.6, and at temperature of 25 to SS^'C, 
suitably about 28**C. 

15 

According to one embodiment of the invention the method comprises contacting the 
compound of formula (II) with a microorganism which is: 

Proteus vulgaris 
20 Proteus mirabilis 

Escherichia coli 
Rhodobacter capsulatus 
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The microorganisms used are preferably: 

Proteus vulgaris NCIMB 67 
5 Proteus mirabilis NCIMB 8268 

Escherichia coli ATCC 33694 
Rhodobactercapsulatus DSM 938 



These microorgaiisms are available from the following culture coUections. 

10 

NCIMB 

National Collection Of Industrial And Marine Bacteria 
23 Saint Machar Drive 
Aberdeen AB2 IRY 
15 United Kingdom 



ATCC 

American Type Culture Collection 
12301 Parklawn Drive 
20 RockviUe Maryland 20852 
United States of America 

DSM 

Deutsche Sammlung von Mikroorganismen 
25 Mascheroder Weg lb 
D-38124 
Braunschweig 
Germany 



30 



The present invention will now be illustrated with reference to the Examples. 
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EXAMPLE 1 

The reductive resolution of the compound of formula (Ha) was investigated using 
whole ceUs of E.CoU ATCC 33694, Proteus vulgaris NCIMB 67, Proteus mirabilis 
5 NCIMB 8268 and a preparation of DMSO reductase horn Rhodobacter Capsulatus 
DSM 938. E.Coli and the two strains of Proteus were grown under essentially 
anaerobic conditions in 1 litre screw capped flasks containing 800 ml of medium at 
35*C for 48 hours on a rotary shaker. The basal culture medium used had the 
following composition (g/1): NaH2P04, 156; K2HPO4, 1.9; (NH4)2S04/ 1.8; 

10 MgS04-7H20, 0.2; FeCIa, 0.005; Na2Mo04-2H20, 0.001; casamino acids, 1.5. After 

autoclaving this was supplemented with the following components (g/1): glycerol (for 
Escherichia com or glucose (for Proteus mirabilis) . 5; Ihiamine Ha, 0.03; nicotinic 
add, 0.007. Dimelhylsulfoxide (70nnM) was added to the meditim to serve as terminal 
electron acceptor for anaerobic respiration and as inducer for dimelhylsulfoxide 

15 (DMSO) reductase. Trace elements solution (1 ml/ litre) was also added to the 
medium. The stock trace elements solution contained (g/1): CuS04-5H20, 0.02; 
MnS04 4H20, 0.1; ZnS04 7H20, 0.1; CaC03, 18. E. CoU was also grown 
anaerobically on the same medium under the same conditions but with 40 mM of 
fumarate as electron acceptor. 

20 

Cells were harvested by centrifuging and washed twice in 10 mM phosphate buffer, 
pH 7.6. The cells were then resuspended in 100 mM phosphate buffer, pH 7.6 to give 
a dry cell weight concentration of 3-6 g/1. 

25 50 ml of each ceU suspension was then placed in an autotitrator vessel and stirred 
without aeration in the presence of 0.1-0.3 g/1 substrate and glucose (2.5%) at 35»C. 
The pH was maintained at 7.6 by autotitration with 0.5 mM NaOH. 

Cells of Rhodobacter capsulatus DSM 938 where grown and DMSO reductase enzyme 
30 prepared as describes in Example 2, below. The reductive resolution of the compound 
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of formula (Ila) using said enzyme preparation was then carried out as describes in 
Example 2, except that the compoimd of formula (Ila) was present at a substrate 
concentration of 2.9 mM. 

Detection of Products 



HPLC on a Spherisorb S5-ODS2 reverse phase column eluted widi a 50:50 mixture of 
acetonitrile and 25 mM sodium phosphate buffer, pH 7.6 at a flow rate of 0.8 ml/min. 
Under such conditions the compounds of formula (Ila) and (la) were well resolved 
with retention times of 5.2 and 9.8 minutes respectively. Both compounds were 
detected at a wavelength of 300 nm. 

The enantiomeric composition of the compound of formula (Ila) remaining was 
investigated by the following method. After removal of biomass the aqueous media 
was extracted with two volimies of ammonia saturated dichloromethane. The pooled 
organic extracts were dried over anhydrous sodium sulfate and the solvent was 
evaporated under reduced pressure to afford a pale brown solid. Then the 
enantiomeric composition of sxilfoxide was determined by HPLC on a Chiralpak AD 
Colimm under the following conditions: 

Column Chiralpack AD 250 mm x 4.6 mm 



The bioreduction of the compoimd of formula (Ila) was followed by reverse phase 



interior diameter with 50 mm 



Eluent 



guard column 

Hexane: Ethanol: Methanol 

(40:55:5% V/V) 



Flow 



1.0 ml/min 
20 Ml 



Injection Volume 
Wavelength 
Retention times 
Compound of formula (la) 



5.1 min 



300 nm 
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Compound of formula (Da): 

(+) Enantiomer 8.5 min 

(-) Enantiomer 13.4 min 

5 

The results in Table 1 were obtained for E. Coli ATCC 33694: 



TABI,E 1 



ElactroD 


Dry C«n 


TtiM CmlD) 


Cocnpound of 


CompouDd of 




E 


Acc«pcor 


W«lgbt g/1 




fermula 


formula 


% 










llZa) (ppn 


<Xa) Ippm or 


(♦) 










-1 


-1 












or mg L ) 


mg L ) 










0 


7fi 


0 










S 


6S 


10 










15 


42 


33 










30 


33 


42 










40 


30 


45 










65 


27 


47 










90 


25 


50 










130 


22 


53 




11 


DNSO 




0 


74 


0 


0 








IS 


47 


23 


28 








35 


40 


34 


74 








45 


34 


38 


90 


20 



10 In the above Table E is the enantiospedficity constant whidi may be determined from 
the extent of conversion and enantiomeric excess of the imreacted compound from the 
following equation: 

E = In rn'C)x(i^^^)i 

15 In 1(1 - C) X (1 + ee,)l 
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where C = conversion 

ee^ = enantiomeric excess of the unreacted compound. 

Also in the above table ee is the enantiomeric excess value for the M enantiomer of 
5 the compound of formula (Ila). The enantiomeric excess value gives an indication of 
the relative amounts of each enantiomer obtained. The value is the difference 
between the relative percentages for the two enantiomers. Thus, for example, when 
the percentage of the (-) enantiomer of the remaining sulphoxide is 975% and the 
percentage for the (+) enantiomer is 2.5%, the enantiomeric excess for the (-) 
10 enantiomer is 95%. 

At a starting concentration of 0.3 g/1 both R vulgaris NCEMB 67 and P. mirahili^ 
NCIMB 8268 afforded the (+) enantiomer of the compound of formula (Ha) in >99% 
eiiantiomeric excess after 48 h (Table 2) in yields oi 32% and 5% respectively. 

15 

TABLE 2 





P. vulgaris 


P. mirabilis 




^ NCIMB 67 


NCIMB 


8268 




Ratio of 




Ratio of 






Enantiomers 


Enantiomers 




( + ) 


{-) 


( + ) 


{-) 


Time hours 










0 


50 


50 


50 


50 


24 


79 


21 


67 


33 


48 


>99 


<1 


>99 


<1 



The final concentration of the compound of formula (Ila) after 48 hours was 48 
mg/litre for P, vulgaris NCIMB 67 and 8 mg/litre for R mirabilis NCEMB 8268. 
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At a lower starting concentration of 0.1 g/1 both organisms again afforded the (+) 
enantiomer of the compound of formula (Ila) in >99% enantiomeric excess, but after 
24 hr (Table 3A) in 44% and 40% yields for P. vulgaris NCIMB 67 and P. mirabilis 
NCIMB 8268 respectively. 

TABLE 3A 





P. vulgaris NCIMB 67 


P. mirabilis 








NCIMB 


8268 




Ratio o£ Enantiomers 


Ratio of Enantiomers 




U) 


(-) 


( + ) 


{-) 


Time hours 










0 


SO 


50 


50 


50 


5 


78 


22 


79 


21 


24 


>99 


<1 


>99 


<1 



The final concentration of die coxnpotind for formula (Da) after 24 hours was 22 
mg/ litre of P. vulgaris NCIMB 67 and 20 mg/ litre for P. mirabilis NCIMB 8268. 

The compound of formula (Ila) acts as a substrate for the isolated DMSO reductase 
from Rhodobacter capsulatus as shovm in Table 3B. The conversion of total sulfoxide 
after 15 minutes and after 1 hour was 80% and > 90% respectively. 



TABLE 


3B 


R. capsulatus 


DSM 938 


Ratio of Enantiomers 


(♦) 


(-) 




Time 










0 


50 . 




50 


15 


minutes 


50 




50 




1 h 


15 




85 
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EXAMPLE 2 

The reductive resolution of compounds of formula Gib) and (He) was investigated 
with E. coli ATCC 33694, R vulgaris NCIMB 67, and a preparation of DMSO 
5 reductase from R. capsuJatus DSM 938. The reaction conditions were as described in 
Example 1 for E. coli and P. vulgaris except the compounds of formula (lib) and (He) 
were present at a substrate concentration of 0.1 g/1. Where a preparation of DMSO 
reductase was used, the reaction conditions were as follows: 

10 Cells of R- capsulatus DSM 938 were grown photo txophically in 25 1 carboys 

containing RCV medium supplemented with 50 mM DMSO between two banks of 
100 W tungsten bulbs. Cells were harvested by cross-flow filtration followed by 
oentrifugation at 10,000 rpm in a Beckman GSA rotor for 30 min. The pellets were 
washed once with 50 mM Tris/HO pH 8.0 and resuspended to approximately 2 g/ml 

15 in 50 mM Tris/HCl pH 8.0 + 03 M sucrose and IS mM EDTA (STE buffer). 

Lysozyme was added at 0.6 mg/ml and the suspension (approx 11) was stirred at SO'C 
for 15 min. After centrifugation as described above the supernatant (periplasmic 
fraction) was decanted off and brought to 50% saturation with ammonium sulphate. 
Following centrifugation the supernatant was brought to 70% saturation and re- 

20 centifuged. The 50 - 70% pellet was resuspended in a minimum volume of 50 mM 
Tris/HCl pH 8.0 and dialysed against 3 x 100 volumes of the same buffer being 
concentrated to approx 5 ml by ultra-filtration through an Amicon PM 10 membrane. 
The concentrated sample was brought to 150 mM NaCl, charged onto a Sephacryl 
S200 gel filtration coliunn (column vol = 510 ml) and eluted with 700 ml of 50 mM 

25 Tris/HCl pH 8.0 + 150 mM NaCl. Peak enzyme activity eluted at approx 320 ml (data 
not shown) and peak fractions were pooled and concentrated as above. 

The "RCV" medium used in this Example had the following composition (g per litre of 
deionised water or as mM): 

30 



Propionate 



30 mM 
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(NH^)2SO^ 




KPO^ buffer 


10 mM 






CaOjZHjO 


75 mg 


Soditun EDTA 


20 mg 


FcSO^THjO 


24 mg 


Thiamine hydrochloride 


1 mg 


Trace element soln. 


1 ml 



10 Trace element solution (per 250 ml) 



H3BO3 0.7 g 

MnSO^ HjO 398 mg 

Na^MoO^^HjO 188 mg 

15 ZnSO^ THjO 60 mg 

CuCNOg)^ SHjO 1 0 mg 



The piirified DMSO reductase from Rhodobacter capsulatus DSM 938 was used in the 
photo-catalysed assay for the reduction of sulfoxide. A 5 ml gas-tight syringe was 

20 filled with approx 3 ml of degassed assay buffer, 50 mM Tris/HQ, 10 mM EDTA, pH 
8.0. Havin mononucleotide (FMN) and stilfoxide were added to the syringe to give 
final concentrations of 250 |iM and 0.3 mM respectively (based on a final volume of 5 
ml). The FMN was then reduced via illumination with a tungsten lamp. The DMSO 
reductase sample (2-10 mg : 2-10 ^iM) was then added to the solution and the volume 

25 made up to 5 ml with degassed buffer. The syringe was then illuminated as before. A 
1 ml sample was removed immediately (t=o) and subsequent sampling repeated over 
the desired timecourse. 
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Detecrion of Products 

The bioreduction of the compounds of formula (Ob) and (He) was followed by reverse 
phase HPLC as described in Example 1 except that the retention times were as 
5 follows: 



TABLE 4 



Compound of Formula 


Retention Time (min) 


lb 


8.1 


nb 


4.2 


Ic 


105 


nc 


5.7 



The enantiomeric composition of the compounds of fonnula (lib) and flic) remaining 
10 was investigated by the method of Example 1 except that in the chiral HPLC step, the 
solvent composition, flow rate and retention time were as follows: 



TABLE 5 



Compound oi 


Solvent 


Row Rate 


Rrtetition Tun* 


FonnuU 


Cooipositton 


(ml/oun) 


(mm) 


Db 


HcxAnt/Etlunol 


1.0 


323 (EnantkHMrA) 




U030^ v/v> 




36^<EnaiitkKMrB) 


Dc 


Hcxanc/Elhanol 


03 


343(Eiiaiitiomcr A) 




^Ch30% v/v) 




34^ (EnjmtkMMr B) 



15 The enantiomer which eluted first is referred to as enantiomer A and the second as 
enantiomer B. 

The following results were obtained: 
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TABLE 6 



BiocsteJysl 


TiffM Chx) 


Ratio of eriAntiomers of 


Convsnkkti m 






fonnuU COb} 








A 


B 




EcoUATCC 33694 


0 


50 


50 






2 


45 


55 


6S 




20 


40 


60 






44 


^ 


>99 


S9 


PvulgMlsNCIMB67 


0 


50 


50 






2 


53 


47 


75 




6 


53 


47 


73 




4« 


53 


47 


75 



Conversion values were for the percentage conversion of the compound of formula 
(nb) to the compoimd of formula (lb). 



TABLg7 



Bioatalyst 


Tlrna (hr) 


iUlio ol «nantiocn«rt 


CoAvmkm (%) 






of formula (Qc) 








A 


B 




E-CoUATCC 33694 


0 


50 


50 






2 


39 


61 


83 




20 


21 


79 


96 


P. vulgaris NCIMB 67 


0 


50 


50 






2 


40 


60 


45 




6 


40 


60 


54 




43 


38 


62 


as 


DM50 nductos* (R. 


0 


50 


50 




oipniUti»DSM93«) 


0^ 


41 


59 


31 




13 


41 


59 


54 



Conversion values were for the percentage conversion of the compound of formula 
(lie) to compound of formula (Ic). 
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EXAMPLE 3 

The reductive resolution of compounds of formula (Eld) and (He) was investigated. 

5 

E, coli ATCC 33694 and Proteus mirabilis NCIMB 8268 were screened for the 
reductive resolution of compounds of formula (Dd) and (lie). Both organisms were 
grown anaerobically with fumarate as terminal electron acceptor and glycerol (E. coli) 
or glucose (Proteus mirabilis) as carbon source according to the method of Example 1. 

10 After 48 hrs growth at SS'^C the cells were harvested by centrifuging at 8k rpm and 
4^ and washed by resuspending in 10 mM sodiiun phosphate buffer, pH 7.6 and 
centrifuging as above. The cells were finaUy resuspended in 100 mM sodium 
phosphate buffer, pH 7.6. The dry cell weights were 8 g/1 (R coli) and 4.5 g/1 
(Proteus mirabilis) for the compoimd of formula (lid) and 4.3 g/1 (E. coli) and 3.9 g/1 

15 flProteus mirabilis) for the compound of formula (lie). The reductive resolution of the 
compounds of formula (Ild) and (He) was investigated in an autotitrator containing 40 
nU cell suspension, 100 ppm of either substrate and 1 % w/ v glucose as energy source. 

Detection of Products 

20 

The bioreduction of the compounds of formula (Dd) and (lie) was foUowed by reverse 
phase HPLC as described in Example 1 except that the retention times were as 
follows: 



TABLE 8 



Compound of formula 


Retention Time (min) 


Id 


13.7 


nd 


5.0 


le 


9.4 


De 


4.3 
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The enantiomeric composition of the compounds of fonnula (lid) and (He) remaining 
was investigated by the method of Example 1 except that in the chiral HPLC step, the 
solvent composition, flow rate and retention time were as follows: 

5 TABLE 9 



Compound of 
FonnuU 


Cooipodtton 


Flow IUI» 
<mJ/mliO 


Rttention Tim* 

(min) 


Od 


Hcxwift/Elhanol 
00-30% v/v) 


1.0 


12.9 (EnantkMiMr A) 
21 J (EnuitioiMr B) 




Hcuuw/Ethanol/Mctfiuiol 
(40:55:5 % v/v) 


IjO 


7.4 CEnantkMMr A) 
lO^CEnajiUooMrB) 


Ife 


Hmanc/ElhAriol 

C7DO0% v/v) 


1-0 


26.0(Enantk«wrA) 

30^ (EnaAHocmr 6) 



The enantiomer which eluted first is referred to as enantiomer A and the second as 
enantiomer B. 

10 The results for the reduction of the compound of formula (lid) by both E, coli ATCC 
33694 and P, mirabilis NCIMB 8268 were as foDows: 



TABLE 10 



Midooryminn 


Convcfsion i%) 


Enantloinane 


£nanttooi«r 


£ 


ECoU ATCC 33694 


79 


B8 


B 


4 


P. minbiUs NCD^ 8268 


66 


90 


B 


8 



15 The conversion values were for the percentage conversion of compound of fonnula 
(nd) to compound of fonnula (Id). 
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The reduction of the compound of formula (He) by E. coli and P. mirabilis afforded 'B* 
enantiomer in high enantiomeric excess. 



* Wb 96/17077 



22 



PCT/SE95/01416 



TABLE 11 





Convmion (%> 


EfiAntiomtfic 


Eluntioincr 


E 


ECoUATCC 33694 


78 


98^ 


B 


7 


P. minbllls NCtMB 8268 


70 


>99 


B 


n 



5 

The conversion values were for the percentage conversion of the compound of 
formula (lie) to the compound of formula (le). 

These conversion figures were determined from the aqueous dissolved concentration 
10 of sulfoxide at the end of the reaction. The magnitude of the enantiospedfidty 

constant is similar to that obtained for the reductive resolution of the compound of 
formula (Da) by E. coli ATCC 33694 and Proteus mirabilis NC3MB 8268. 
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CLAIMS 

1- A method of obtaining a compound of fonnuia (II) either as a single enantiomer 
or in an enantiomerically enriched form: 

O 
ii 

Het^— X— S— Hetg (II) 



wherein: 




wherein: 



15 



N in the benzimidazole moiety of Het^ means that one of the carbon atoms 

substituted by any one of to optionally may be exchanged for an unsubstituted 
nitrogen atom; 



"\V'6 96/17077 
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R^, and R3 are the same or different and selected from hydrogen, alkyi, alkoxy 

optionally substituted by fluorine, alkylthio, alkoxyalkoxy, dialkylamino, piperidino, 
morpholino, halogen, phenylalkyl, phenylakoxy; 

5 and R^. are the same or different and selected fronfi hydrogen, alkyl, aralkyl; 
R5 is hydrogen, halogen, trifluoromethyl, alkyl, alkoxy; 

R^ - R^ are the same or different and selected from hydrogen, alkyl, alkoxy, halogen, 
10 haloalkoxy, alkylcarbonyl, alkpxycarbonyl, oxazolyl, trifluoroalkyl or adjacent groups 
R^ - R^ may complete together with the carbon atoms to which they are attached 
optionally substituted ring structures; 

is hydrogen or alkoxycarbonyloxymethyl; 

15 

R^, is hydrogen or forms an alkylene chain together with R3; 

R„ and R^g are the same or different and selected from hydrogen, halogen or alkyl; 

20 which method comprises stereoselective bioreduction of a compound of the formula 
(n) in racemic form. 
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2. A method according to claim 1 wherein: 



and 



Het is 



Het 2 is 




5 and 



Xis 



I 



(wherein R,, Rj, Ry ^6 * ^ ^lo defined in claim 1). 



10 3. A method according to claim 1 or 2 wherein the compound of formula (II) is a 
compound of formula: 

OCH3 

v^^-X""^^.^^^ H3 



O H 



cna) 
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4. A method according to any one of the previous claims wherein a single 
enantiomer of the compound of formula (II) is obtained. 

5. A method according to claim 3 wherein the compound of formula (II) is the 
compound of formula (Da) and the bioreduction is carried out with 
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Proteus vulgaris 
Proteus mirabilis 
Escherichia coli 
5 Rhodobacter capsulatus or 

the DM50 reductase isolated from R. capsulatus. 

6. A method according to claim 3 wherein the compound of formula (II) is the 
compound of formula (lib) and the bioreduction is carried out with 

Escherichia coli . 

7. A method according to claim 3 wherein the compound of formula (II) is the 
compound of formula (lie) and the bioreduction is carried out with 

Proteus vulgaris 
Escherichia coli 
Rhodobacter capsulatus or 
DMSO reductase isolated from R. capsulattis. 

8. A method according to claim 3 wherein the compound of formula (II) is the 
compound of formula (Ild) or (He) and the bioreduction is carried out with 

Proteus mirabilis or 
Escherichia coli . 

9. A method according to claim 1 substantially as described in any one of the 
Examples. 

30 10. A comjx)und of formula II as defined in claim 1 as a single enantiomer or in an 
enantiomerically enriched form obtained by the method claimed in any one of claims 
1 to 9. 
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